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!after  a large  storm  on  19-23  November.  Basic  temporal  changes  in  sound 
velocity  structure  are  defined  at  three  points  in  the  Ionian  Sea,  and 
spatial  changes  in  sound  velocity  are  defined  along  several  specific 
tracks.  The  deep  sound  channei  (DSC)  axis  varied  between  90  and  300  m 
(average  of  about  150  m)  with  sound  velocities  between  about  1512  and 
1518  m/sec..  High-salinity  Levantine  Intermediate  Water  was  the  primary 
oceanographic  influence  on  DSC  structure  and  on  secondary  sound  channels 
found  below  DSC  axis.  Critical  depth  decreased  during  IGMEDEX  as  a result 


of 


3 Li  wiimP  3 1 cool  i ng . 


The 


Ma 


itese  Front  was  detected  in  the  central 


Ionian  Sea,  but  could  not  be  defined  accurately  owing  to  the  lack  of 
synoptic  sea  surface  temperature  data. 
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INTRODUCTION 

(C)  The  k>nian  Mediterranean  Exercise  (IOMEDEX)  was  conducted  in 
the  Ionian  Sea  and  in  immediately  adjacent  regions  of  the  Mediterranean 
Sea  during  October-November  1971.  The  following  ships  participated  in 
the  exercise: 


t USNS  SANDS  (T-AGOR-6) 

• R/V  KNORR 

• R/V  NORTH  SEAL 

• USS  HAMMERBERG  (DE  1015) 

• USS  COURTNEY  (DE  1021) 

• USS  LESTER  (DE  1022) 

Oceanographic  data  were  collected  from  all  six  ships  and  from  various 
aircraft  for  use  in  determining  environmental  effects  on  acoustic 
propagation  in  the  Ionian  Basin.  Continuous  bathymetric  records  were 
made  by  SANDS,  KNORR,  and  NORTH  SEAL  between  points  A and  B,  A and  C, 
and  B and  C (see  figure  1)  and  by  HAMMERBERG,  COURTNEY,  and  LESTER 
throughout  the  northern  and  central  Ionian  Basin.  In  addition, 
NAVOCEANO  implanted  and  recovered  two  taut-line,  self-contained  current 
meter  arrays  near  points  A and  C.  Details  on  the  exact  nature  of  the 
exercise  can  be  found  in  the  IOMEDEX  LRAPP  Operation  Order  (Maury 
Center  for  Ocean  Science,  1971).  Much  of  the  analysis  contained  in 
this  report  has  appeared  previously  in  the  I0MrDEX  Synopsis  Report 
(Maury  Center  for  Ocean  Science,  1972a)  and  in  the  IOMEDEX  Summary 
Report  (Maury  Center  for  Ocean  Science,  1973).  Various  accronyms 
and  oceanographic  terms  used  in  this  report  are  defined  in  appendix  A. 

DISCUSSION  OF  ENVIRONMENTAL  DATA 

A.  Data  Availability  and  Measurement  System  Performance 

(U)  The  following  types  of  oceanographic  data  were  collected 
during  IOMEDEX: 


• Expendable  bathythermographs  (XBTs) 

• Airborne  expendable  bathythermographs  (AXBTs) 

• Sound  velocimeter  profiles  (SVPs) 

• Current  speed  and  direction 

• Sea  state  and  swell  height 
t Wind  speed  and  direction 
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XBT  data  were  collected  using  Sippican  Model  T-4  probes  (460  m),  T-5 
probes  (1830  m),  and  T-7  probes  (760  m).  AXBT  data  were  collected  to 
a maximum  depth  of  330  m using  AN/SSQ-36  probes.  Current  and  meteorological 
data  collection  were  discussed  in  detail  in  separate  sections  below. 

(U)  Between  26  October  and  21  November,  82  T-5  and  231  T-7  XBT 
traces  were  collected  by  SANDS,  KNQRR,  and  NORTH  SEAL.  During  this  same 
period,  HAMMER8ERG,  COURTNEY,  and  LESTER  collected  91  T-4  XBT  traces. 

Betwec-n  12  and  23  November,  P-3  aircraft  from  Patrol  Squadron  16, 
operating  from  the  U.S.  Naval  Facility  at  Sigonella,  Sicily,  collected 
153  AXBT  traces  on  14  flights.  In  addition,  SANDS  occupied  19  sound 
velocimeter  stations  during  IOMEDEX.  Each  station  produced  two  SVPs, 
one  for  the  lowering  and  one  for  the  retrieval.  Locations  and  maximum 
depths  of  these  SVPs  arc  given  in  table  1. 

(U)  Figure  2 shows  the  locations  of  the  19  SVP  stations  occupied 
by  SANDS  and  the  location  of  T-5  XBTs  that  extended  to  depths  greater 
than  760  m.  These  observations  are  concentrated  along  a line  running 
through  points  A,  B,  and  C.  Figure  3 shows  locations  of  XBTs  with 
maximum  depths  between  460  and  760  m.  Most  of  these  observations  were 
collected  using  T-7  probes  in  the  western  Ionian  Basin;  locations  of 
T-5  probes  that  failed  at  depths  less  than  760  m are  also  included  in 
this  figure.  Figure  4 shows  locations  of  XBT  observations  extending 
to  less  than  460  m.  Most  of  these  observations  were  collected  with 
T-4  p>obes  in  the  northern  and  central  Ionian  Basin;  figure  4 also 
shows  T-5  and  T-7  observations  shallower  than  460  m depth.  Figure  5 
shows  locations  of  AXBT  observations  collected  throughout  the  Ionian 
Sea  during  IGMCDEX.  The  majority  of  observations  shown  in  figures  2 
through  5 extend  deeper  than  the  maximum  autumn  depth  of  the  deeu 
sound  channel  (DSC)  axis  in  the  Ionian  Sea  (approximately  250  m,  Fenner, 
1968). 


(U)  Many  T-5  XBTs  dropped  during  '.OM1DEX  did  nr  t function 
reliably.  Although  no  records  were  kept  of  the  exact  number  that 
completely  mal functioned , it  is  estimated  that  about  two-thirds  of 
the  probes  failed  completely.  Of  the  8?  1-5  traces  judged  to  be  "good" 
(usable  trace  to  at  least  100  m) . only  34  (41%)  were  valid  to  their 
1870-m  maximum  depth.  Twenty-five  T-5s  considered  "good"  did  not 
reach  760  m.  Comparab’e  data  for  the  T-7  probes  indicate  much  better 
performance.  More  than  80?.  of  these  probes  were  "good”,  and  196  (85 % ) 
of  the  231  observations  were  valid  to  760  m.  No  performance  data  are 
available  for  the  T-4  XBTs. 

(U)  Of  the  204  AXBTs  dropped,  153  (75%)  produced  usable  tempera- 
ture traces,  with  most  recordings  to  330  m.  However,  the  majority  of 
the  AXBT  traces  were  offset  towards  higher  tefBperatures  by  a variable 
ncrement.  Therefore,  AXBT  data  could  not  be  used  for  sea  surface 
temperature  or  sound  velocity  analyses.  Nevertheless,  AXBTs  did  give 
accurate  valur  of  mixed  layer  depth. 
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Station 

Number 

Date 
0 971) 

Time  (2) 

Lat  (N) 

Long  (E) 

Maximum 
Depth  (m) 

Near  Ref 
Point 

0 

31  Oct 

0630 

36°32 1 

1 7°30' 

1889 

A 

D 

L? 

1 Nov 

1200 

32°57 1 

1 7 0 38 ' 

2982 

B 

1 

7 Nov 

1200 

36y18* 

1 7°16 ' 

1857 

A 

2 

7 Nov 

1400 

36°24‘ 

1 7 °1 7 ‘ 

ii*' 
1847  .. 

v A 

3 

8 Nov 

2130 

35°25‘ 

17°30' 

1796 

4 

9 Nov 

0800 

35°3G‘ 

17°31 ' 

1835 

5 

10  Nov 

0800 

34°15‘ 

17°  33 ‘ 

1886 

6 

10  Nov 

2130 

32°56 ' 

17°29‘ 

1817 

B 

~f 

/ 

11  Nov 

1330 

33°02 1 

17°31 ’ 

1875 

B 

8 

12  Nov 

0700 

34' IT 

17°22‘ 

2468 

9 

12  Nov 

1245 

34cir 

17°22 ' 

2307 

10 

13  Nov 

0309 

35-25* 

I?" 34’ 

3541 

11 

13  Nov 

1440 

35  24 ' 

17° 34’ 

2843 

12 

14  Nov 

0800 

36°23’ 

1 7^20 ‘ 

3200 

A 

13 

17  Nov 

1700 

36^21 ' 

17”15* 

3186 

A 

14 

18  ?4ov 

1800 

35n58‘ 

16*04  * 

3495 

IS 

19  Nov 

1200 

36<’02  ‘ 

1 7 °29  * 

3495 

16 

22  Nov 

0348 

38°40‘ 

16"10' 

2502 

C 

17 

23  Nov 

2000 

36*25' 

17°10' 

3006 

A 

Table  1.  SANDS  SVP  Observations 
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B.  Treatment  of  Oata 

(U)  The  majority  of  sound  velocity  data  used  in  this  report 
were  calculated  from  XBT  traces  and  historical  salinity  values  using 
the  equation  of  Wilson  (I960).  Selected  XBT  traces  were  hand  digitized 
at  temperature  inflection  points.  Salinity  correction  factors  selected 
for  use  in  Wilson's  equation  were  derived  *t  salinity  profile  inflection 
points  and  at  preset  100-m  depth  intervals  from  data  collected  by 
USNS  LEE  during  October  and  November  1970  as  part  of  IMP  (figure  1 shows 
locations  of  LEE  observations).  Sound  velocity  profiles  were  calculated 
using  either  the  nearest  LEE  salinity  profile  or  an  average  of  the 
nearest  two  adjacent  LEE  salinity  profiles.  Sound  velocity  profiles 
presented  in  this  report  were  not  extrapolated  below  the  depth  of  actual 
measurement.  All  bottom  depths  have  been  corrected  for  variations  from 
a standard  sound  velocity  of  1500  m/sec  using  depth  correction  tables 
of  Matthews  (1939) . 

C.  Distribution  of  Oceanographic  Data 

(U)  Although  a large  quantity  of  temperature  and  sound  velocity 
data  were  collected  during  IOMEDEX,  the  major  data  collection  effort 
supported  acoustic  measurements.  Tnerefore,  the  vast  majority  of 
temperature  and  sound  velocity  data  were  taken  synoptically  with  various 
scheduled  acoustic  runs.  The  nature  of  the  exercise  required  all  ships 
to  follow  predetermined  schedules  during  acoustic  operations,  and  little 
time  could  be  devoted  exclusively  to  collection  of  other  oceanographic 
data.  Thus,  XBT  and  SVP  data  were  collected  at  various  reference  points 
and  along  various  tracks  only  when  one  of  the  ships  was  conducting 
acoustic  operations.  For  example,  oceanographic  data  were  collected 
at  point  A only  during  5-8  November,  12-15  November,  and  after  23  November, 
leaving  large  gaps  in  the  overall  data  record  at  this  location.  These 
temporal  data  gaps  are  even  more  pronounced  at  points  B and  C.  To  further 
complicate  matters,  the  IOMEDEX  area  was  under  the  influence  of  a large 
storm  during  the  period  1 9-23  November  (see  discussion  of  weather 
observations).  This  depression  markedly  changed  near-surface  charac- 
teristics through  mixing  and  consequently  divides  IOMEDEX  into  two  time 
periods,  one  before  and  one  after  the  storm.  The  data  base  before  the 
storm  (1-19  November)  is  considerably  larger  and  better  distributed  than 
after  the  storm  (23-31  November). 

(U)  Oceanographic  data  densities  generally  were  inadequate  to 
resolve  short-term  temporal  and  spatial  variations  in  sound  velocity 
structure  at  points  A,  B,  or  C.  Similarly,  it  was  impossible  to  locate 
near-surface  features  such  as  oceanographic  fronts  with  any  degree  of 
accuracy  based  on  IOMEDEX  data  alone.  Because  of  the  small  data  base 
after  the  storm,  near-surface  thermal  characteristics  after  the  storm 
can  be  described  only  in  a relatively  small  region  between  about  35° 
and  39°N.  Because  of  the  overall  nature  of  the  IOMEDEX  data  base,  sound 
velocity  analyses  for  this  report  have  been  restricted  to  temporal  studies 
at  points  A,  B,  and  C and  to  studies  of  spatial  variability  along  the 
B-A  and  A-C  tracks. 


9 


UNCLASSIFIED 


UNCLASSIFIED 


GENERAL  OCEANOGRAPHY  AS  RELATED  TO  SOUND  VELOCITY  STRUCTURE 

(U)  The  Ionian  Basin  is  fairly  complex  oceanographically  and  is 
characterized  by  a relatively  changeable  surface  and  near-surface  layer 
(0  to  100  m),  an  intermediate  layer  denoted  by  a strong  salinity  maximum 
(100  to  about  500  m),  and  an  extremely  stable  deep  layer  that  is  nearly 
isothermal  and  isohaline.  Figure  6 shows  typical  autumn  temperature, 
salinity,  density,  and  sound  velocity  profiles  and  a T-S  curve  for  the 
central  Ionian  Basin. 

(U)  Levantine  Intermediate  Water  (LIW)  is  the  most  important  water 
mass  affecting  sound  velocity  in  the  Ionian  Basin.  This  water  mass  is 
characterized  by  a strong  salinity  maximum  (38.7  to  39.0  o/O0  in  the 
Ionian  Basin)  at  depths  between  200  and  600  m (Wust,  1961).  The  deep 
sound  channel  (DSC)  axis  generally  occurs  between  the  bottom  of  the 
seasonal  thermocline  and  the  depth  of  the  LIW  core.  A preferential 
flow  of  LIW  across  the  Ionian  Basin  occurs  between  34°  and  35°N 
according  to  Wust.  Other  strong  flows  of  this  water  mass  occur  along 
about  33°N  and  ease  of  about  17°E  along  the  coast  of  Peloponnesus 
(Moskalenko  and  Ovchinnikov,  1965).  Generally,  unmixed  concentrations 
of  LIW  are  greater  in  regions  of  preferential  LIW  flow.  However,  sub- 
stantial quantities  of  LIW  are  present  in  most  of  the  Ionian  Basin 
throughout  the  year  as  shown  on  the  salinity  cross  sections  of  Miller, 
et  al . (1970).  Low-salinity  Atlantic  Water  enters  the  Ionian  Basin 
through  the  Strait  of  Sicily,  but  is  well  imbedded  in  the  seasonal 
thermocline.  This  water  mass  tends  to  retard  the  formation  of  a 
strong  negative  velocity  gradient  above  the  DSC  axis.  The  distribution 
and  characteristics  of  Atlantic  Water  are  described  in  detail  by 
Moskalenko  and  Ovchinnikov  (1965). 

(U)  Secondary  sound  channels  frequently  occur  above  and  below  the 
DSC  axis.  Those  above  the  DSC  axis  generally  are  caused  by  perturbations 
in  temperature  structure  at  the  base  of  the  seasonal  thermocline.  Those 
below  the  DSC  axis  generally  are  separated  from  the  axis  by  a sound 
velocity  maximum  that  coincides  with  the  LIW  high-salinity  core,  and 
probably  are  caused  by  mixing  in  the  LIW  layer.  Occasionally,  one  of 
the  sound  velocity  minima  below  the  LIW  core  is  the  absolute  sound 
velocity  minimum  (i.e.,  the  DSC  axis).  However,  this  situation  is 
more  cotnrvon  farther  east  in  the  Levantine  Basin. 

(U)  Oceanic  fronts  have  been  observed  in  the  central  Ionian  Sea 
during  winter,  spring,  and  summer  by  several  investigators.  Figure  7 
summarizes  approximate  observed  positions  of  these  fronts.  The  average 
winter  positions  shown  in  figure  7 are  from  Ovchinnikov  (1966)  and  are 
based  on  historical  surface  circulation  patterns.  In  August  1966,  a 
front  with  an  east-west  trend  was  *'ound  across  most  of  the  Ionian  Sea 
(Levine  and  White,  1972).  This  front  extended  through  the  seasonal 
thermocline  to  depths  of  at  least  100  m.  During  May  1971,  a front 
oriented  northwest-southeast  was  observed  at  the  edge  of  the  continental 
shelf  southeast  of  Sicily.  This  front  has  been  called  the  Maltese  Front 
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by  Briscoe,  et  al . (1972)  and  other  investigators.  According  to 
Johannessen,  et  al . (1971),  the  Maltese  Front  separates  cool,  less 
saline  waters  of  the  western  Mediterranean  Sea  from  warm,  more  saline 
waters  of  the  Ionian  and  Levantine  Basins  and  can  extend  to  depths  of 
150  m.  A near-surface  front  oriented  similar  to  the  Maltese  Front  was 
found  in  the  vicinity  of  IOMEDEX  point  A during  August  1972  as  part  of 
the  Mediterranean  TASSRAP  Exercise  (Maury  Center  for  Ocean  Science, 
1972b).  This  front  is  described  in  detail  by  Anderson,  et  al . (1973). 
During  IOMEDEX,  the  Maltese  Front  crossed  the  SANDS  track  east  of  Malta 
during  18-24  November  (Miller,  1972).  However,  the  density  of  SANDS 
X8T  data  was  insufficient  to  chart  the  areal  extent  of  this  front. 

Limited  SANDS  data  indicate  that  during  IOMEDEX  the  Maltese  Front 
separated  water  moving  eastward  from  the  Strait  of  Sicily  from  resident 
surface  waters  of  the  Ionian  Sea. 

(U)  Another  distinct  oceanic  front  (convergence)  has  been  reported 
just  south  of  point  B during  winter  by  Ovchinnikov  (1966).  This  front, 
shown  in  the  lower  part  of  figure  7,  separates  coastal  waters  in  the 
Gulf  of  Sidra  from  surface  waters  to  the  north  in  the  open  Ionian  Sea. 
According  to  Ovchinnikov,  the  position  of  this  front  is  approximately 
the  same  in  summer  and  winter. 

(U)  Prior  to  IOMEDEX,  all  available  autumn  historical  sound  velocity 
data  were  analyzed  to  predict  probable  critical  depth  (see  glossary)  at 
various  receiver  sites.  However,  this  analysis  was  based  on  a very 
limited  amount  of  September  and  October  data,  plus  the  November  data 
collected  by  LEE  during  IMP.  Figure  8 clearly  snows  the  rapid  changes 
in  critical  depth  expected  in  the  IOMEDEX  area  during  autumn.  During 
this  season,  critical  depth  frequently  decreases  very  rapidly  in  re- 
sponse to  cooling  of  the  surface  and  near-surface  layer.  Since  IOMEDEX 
measurements  were  made  at  the  steepest  slope  on  the  annual  critical 
depth  curve,  any  deviation  from  average  conditions  (such  as  an  early 
winter  storm)  could  create  anomalously  shallow  critical  depths.  Large 
temporal  and  spatial  variations  in  critical  depth  are  expected  through- 
out the  Ionian  Sea  during  autumn  owing  to  mixing  caused  by  local  storms 
and  varying  amounts  of  surface  insolation.  In  much  of  the  Ionian  Sea, 
the  DSC  axis  also  decreases  with  time  during  autumn  as  a result  of 
surface  cooling  and  weakening  of  the  seasonal  thermocline 

NEAR-SURFACE  THERMAL  STRUCTURE 

A.  Sea  Surface  Temperature 

(U)  Sea  surface  temperature  measurements  during  IOMEDEX  were 
insufficient  to  map  the  areal  extent  of  the  Maltese  Front,  but  were 
adequate  to  determine  temperature  changes  over  the  duration  of  the 
exercise.  Figures  9 and  10  show  contours  of  surface  temperature  for 
the  northern  half  of  the  IOMEDEX  area  during  8-14  and  23-26  November, 
respectively.  Analysis  areas  for  figures  9 and  10  are  limited  oy 
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temporal  and  spatial  distribution  of  IOMEDEX  data  before  and  after  the 
passage  of  a large  depression  on  19-23  November.  Neither  figure  in- 
cludes AXBT  data  owing  to  its  questionable  accuracy. 

{ C ) Sea  surface  temperature  in  the  central  portion  of  the  analysis 
area  prior  to  the  storm  averaged  about  2Q:C,  and  displayed  a relatively 
stable  series  of  isotherms.  Temperature  increased  to  about  22:C  in  the 
south,  and  values  less  than  1 8 ' C were  observed  in  the  northern  and 
eastern  extremities  of  the  area.  After  passage  of  the  depression,  the 
isotherms  were  generally  oriented  northeast  to  southwest,  perpendicular 
to  the  track  followed  by  the  storm.  Near  the  northern  edge  of  the 
analysis  area,  the  storm  apparently  exerted  its  greatest  effect;  sea 
surface  temperatures  decreased  by  approximately  2'C.  Along  the  southern 
edge,  no  significant  changes  in  surface  temperature  were  observed.  The 
rost  noticeable  effect  of  sea  surface  temperature  decrease  after  the 
storm  was  a significant  decrease  in  critical  depth  and  increase  in 
depth  excess  (see  glossary).  This  increase  in  depth  excess  should 
have  improved  convergence  zone  propagation  in  the  northern  part  of 
the  IOMEDEX  area. 

B.  Mixed  Layer  Depth 

(C)  Figures  11  and  12  show  mixed  layer  depth  contours  for  the 
northern  half  of  the  IOMEDEX  area  during  11-14  and  23-26  November, 
respectively.  XBT  and  AXBT  data  were  used  in  constructing  these  figures. 
Figure  11  represents  conditions  prior  to  the  passage  of  the  large 
depression  between  19  and  23  November.  Figure  12  represents  conditions 
after  the  passage  of  this  cold  front.  Over  the  northern  Ionian  Sea  as 
a whole,  layer  depths  were  10  to  30  m deeper  after  the  storm,  and  the 
depth  of  the  mixed  layer  varied  more  than  50  m in  the  northwestern 
Ionian  Sea  and  southwest  of  Peloponnesus.  Before  the  storm,  such 
variability  was  confined  to  the  latter  region,  and  layer  depths  were 
much  more  uniform  throughout  the  northern  Ionian  Sea.  The  unusually 
deep  mixed  layers  (greater  than  100  m)  southwest  of  Pelooonnesus  both 
before  and  after  the  storm  were  observed  from  several  platforms  and  on 
XBT  and  AXBT  traces.  This  anomaly  may  be  a permanent  feature  during 
autumn.  The  variability  in  mixed  layer  depth  before  and  after  the 
storm  probably  has  significant  effects  on  surface  duct  echo  ranging. 
However,  some  surface  duct  propagation  appears  possible  everywhere 
in  the  IOMEDEX  area. 

SOUND  VELOCITY  STRUCTURE 

A.  Temporal  Variability  at  Points  A,  B,  and  C 

(C)  Figure  13  shows  16  sound  velocity  profiles  collected  at 
point  A dotted  as  a time  series.  Despite  the  large  time  gaps,  this 
figure  shows  a significant  decrease  in  critical  depth  from  about  1300  m 
on  31  October  to  about  1100  m on  6-7  November  when  acoustic  measurements 
began.  During  the  acoustic  experiments,  critical  depth  decreased  an 
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Figure  11.  Mixed  Layer  Depth  (m)  for  11-14  November 
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Figure  13.  Time-Series  Plot  of  Sound  Velocity  at  Point  A (31  Oct-26  Nov) 
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additional  350  m to  a level  of  about  750  m on  23-24  November.  The  most 
rapid  decrease  occurred  between  19  and  23  November  when  a large  depression 
passed  near  point  A.  Critical  depths  at  point  A approximated  the  historical 
average  at  the  beginning  of  the  acoustic  experiments  (compare  with  figure  8), 
but  were  several  hundred  meters  less  than  expected  for  mid-November.  This 
anomalous  situation  probably  was  caused  by  surface  and  near-surface  cooling 
associated  with  the  storm.  The  corrected  bottom  depth  at  point  A is 
approximately  3300  m.  Therefore,  depth  excess  was  adequate  for  convergence 
zone  propagation  from  a near-surface  source  throughout  IOMEDEX. 

(C)  The  DSC  axis  at  point  A varied  between  about  50  and  200  m during 
the  exercise,  and  displayed  significant  short-term  variations  from  a mean 
value  of  about  150  m.  The  nearly  100-m  changes  in  the  depth  of  the  DSC 
axis  on  6-7,  13-18  and  23-26  November  were  caused  either  by  internal 
waves  or  the  proximity  of  the  Maltese  Front.  The  Maltese  Front  was 
observed  near  point  A between  18  and  24  November  (Miller,  1972).  The 
overall  sound  velocity  structure  in  the  upper  300  m of  the  water  column 
at  point  A was  rather  complex  probably  because  of  mixing  in  the* high- 
salinity  LIW  layer.  Multiple  sound  velocity  minima  found  throughout 
the  exercise  at  point  A resulted  in  short-term  secondary  or  depressed 
sound  channels.  Such  transient  channels  can  provide  good  detection 
of  a target  located  at  the  depth  of  the  channel,  but  only  for  short 
periods  and  at  limited  ranges. 

(C)  Figure  14  shows  five  sound  velocity  profiles  collected  at 
point  B plotted  as  a time  series.  Although  data  were  very  limited  at 
this  point,  figure  14  shows  a decrease  in  critical  depth  from  about 
1600  m on  1 November  to  about  1300  m on  20  November.  Generally, 
critical  depths  were  200  to  400  m deeper  at  point  B than  at  point  A 
dee  to  latitudinal  effects,  and  were  several  hundred  meters  deeper 
than  expected  in  the  southern  Ionian  Basin  (see  fiqure  8),  However, 
depth  excess  at  point  B was  always  adequate  for  convergence  zone 
propagation  from  a near-surface  source  during  IOMEDEX.  The  DSC  axis 
depth  decreased  by  about  200  m at  point  B during  the  exercise  as  a 
result  of  autumn  cooling  and/or  varying  concentrations  of  LIW.  Multiple 
sound  channels  were  not  as  common  at  point  B as  they  were  at  point  A 
owing  to  smaller  concentrations  of  LIW  in  the  southern  Ionian  Basin. 

(C)  Figure  15  shows  10  sound  velocity  profiles  collected  at  point  C 
plotted  as  a time  series.  Again,  these  data  are  very  limited,  but  do 
show  a decrease  in  critical  depth  from  about  1000  m on  7 November  to 
about  500  m on  25  November.  Critical  depths  at  point  C during  IOMEDEX 
were  100  to  200  m less  than  those  at  point  A (figure  13)  and  300  to 
500  m shoaler  than  those  at  point  B (figure  14)  because  of  cooler  near- 
surface tPr~r sratures  in  the  northern  Ionian  Sea.  Depth  excess  at  point  C 
was  more  than  adequate  for  convergence  zone  propagation  from  a near- 
surface source  throughout  the  exercise.  The  DSC  axis  varied  between 
about  80  and  160  m and  averaged  about  100  m.  Multiple  sound  channels 
occurred  at  point  C throughout  the  exercise,  but  were  not  as  well- 
developed  as  those  at  point  A owing  to  lower  concentrations  of  LIW. 
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Figure  14.  Time-Series  Plot  of  Sound  Velocity  at  Point  B (1-21  Nov) 
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(C)  In  summary,  relatively  shallow  critical  depths  found  at  points  A, 
B,  and  C allowed  uninterrupted  convergence  zone  propagation  from  a near- 
surface source  at  all  times  during  IOMEDEX.  Furthermore,  the  persistent 
decrease  in  critical  depth  with  time  at  all  three  points  improved 
convergence  zone  propagation  throughout  the  Ionian  Sea  during  the 
exercise.  The  DSC  axis  varied  between  about  50  and  300  m at  the  three 
points  and  averaged  about  150  m.  This  agrees  with  historical  averages 
(Brockhurst,  1960,  and  Fenner,  1968).  Multiple  sound  channels  occurred 
at  all  three  points  but  were  better  developed  in  the  central  Ionian 
Basin  (point  A)  in  association  with  greater  LIW  concentrations. 

B.  Sound  Velocity  Structure  Between  Points  A and  C 

(C)  Figure  16  shows  12  sound  velocity  profiles  along  a north- 
northwestward  track  from  point  A to  point  C.  Data  used  in  this  figure 
were  collected  between  7 and  15  November  when  the  majority  of  acoustic 
receivers  were  operational  at  points  A and  C.  Figure  17  is  a contoured 
cross  section  of  the  data  given  in  figure  16.  A bathymetric  profile 
from  KN0RR  data  is  plotted  in  both  figures. 

(U)  Surface  sound  velocities  along  track  A-C  varied  from 
1526.5  m/sec  at  the  southern  end  of  the  track  to  1522.1  m/sec  near 
point  C.  A sporadic  mixed  layer  occurred  to  depths  of  between  40  and 
60  m on  most  profiles,  and  was  best  developed  in  the  north.  The  DSC 
axis  varied  between  about  90  and  200  m along  track  A-C,  while  the 
sound  velocity  at  the  DSC  axis  varied  between  1512.0  and  1516.1  m/sec. 

The  DSC  axis  was  deepest  about  80  nm  from  point  A (NORTH  SEAL  XBT  69), 
and  sound  velocity  at  the  DSC  axis  was  greatest  about  50  nm  from 
point  A (NORTH  SEAL  XBT  72).  These  maxima  roughly  correspond  to  a 
preferential  flow  of  LIW  extending  westward  from  the  Peloponnesian 
coast  into  the  Ionian  Sea  between  about  37°  and  38°N  (Moskelenko  and 
Ovchinnikov,  1965).  The  closure  of  the  1515-m/sec  isopleths  and  the 
doming  of  the  1516-m/sec  isopleth  about  50  nm  from  point  A (figure  17) 
may  indicate  the  Maltese  Front  that  separates  cooler,  less  saline 
waters  west  of  the  track  from  warmer,  more  saline  waters  east  of  the 
track.  Secondary  sound  channels  occurred  above  and  below  the  DSC 
axis,  particularly  along  the  southern  half  of  the  track.  The  former 
were  caused  by  temperature  perturbations  at  the  base  of  the  permanent 
thermocline,  the  latter  by  mixing  in  the  high-salinity  LIW  layer. 

(C)  Critical  deoth  generally  decreased  northward  from  greater 
than  1000  m near  point  A to  about  900  m at  point  C,  and  closely  followed 
the  1525  ra/sec  sound  velocity  isopleth  (figure  17).  Critical  depth 
varied  significantly  between  a^out  30  and  60  nm  from  point  A.  In  this 
region,  critical  depth  fluctuated  about  250  m over  distances  of  about 
15  nm.  This  fluctuation  may  be  related  to  a meander  in  the  Maltese 
Front.  Depth  excess  along  track  A-C  was  never  less  than  1400  m,  allowing 
unimpeded  convergence  zone  propagation  from  a near-surface  source. 
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Figure  17.  Sound  Velocity  Cross  Section  from  Point  A to  Point  C (7-15  Nov) 
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C.  Sound  Velocity  Structure  Between  Point  A and  Point  B 

(U)  Figure  18  shows  16  sound  velocity  profiles  along  a track 
due  north  from  point  B to  point  A.  All  data  used  in  this  figure  were 
collected  between  10  and  20  November.  Figure  19  is  a contoured  cross 
section  of  the  same  data  displayed  in  figure  18.  A bathymetric  profile 
from  SANDS  data  is  plotted  in  both  figures. 

(U)  Surface  sound  velocities  along  track  B-A  varied  from 
1530.8  m/sec  in  the  south  to  1522.4  m/sec  near  point  A.  A mixed  layer 
occurred  on  most  of  the  profiles  at  depths  between  about  30  and  80  m. 

The  negative  sound  velocity  gradient  below  the  mixed  layer  was  stronger 
along  track  B-A  than  along  track  A-C  (figure  16),  because  of  less 
autumnal  cooling  in  the  southern  Ionian  Basin.  The  DSC  axis  varied 
from  about  150  m at  point  B to  greater  than  300  m at  a range  of  25  nm, 
and  then  remained  at  about  300  m for  about  70  nm.  North  of  about  35°N 
(120  nm  from  point  B),  the  DSC  axis  fluctuated  between  about  90  and 
200  m,  a situation  similar  to  that  observed  along  track  A-C.  Sound 
velocity  at  the  DSC  axis  varied  from  1511.9  m/sec  at  point  A to 
1517.5  m/sec  about  80  nm  from  point  B (NORTH  SEAL  XBT  102).  Sound 
velocities  at  the  DSC  axis  were  generally  less  than  1515  m/sec  near 
point  B and  at  points  more  than  120  nm  northward.  At  ranges  between 
20  and  120  nm,  the  high  values  of  axial  depth  and  sound  velocity  probably 
were  caused  by  the  preferential  flow  of  high  salinity  LIW  across  the 
Ionian  Basin  described  by  Wust  (1961). 

(U)  Secondary  sound  channels  occurred  above  and  below  the  DSC 
axis  along  much  of  track  B-A.  At  ranges  between  20  and  120  nm  from 
point  B,  these  channels  primarily  occurred  above  the  DSC  axis,  and 
probably  were  caused  by  the  presence  of  high-salinity  LIW.  However, 
north  of  about  35°N,  secondary  sound  channels  above  the  DSC  axis  were 
caused  by  temperature  perturbations  at  the  base  of  the  permanent  thermo- 
cline.  In  this  same  region,  secondary  sound  channels  below  the  DSC 
axis  were  separated  from  the  DSC  axis  by  a sound  velocity  maximum  that 
coincided  with  the  LIW  high-salinity  core.  The  near-closures  of  the 
1518-m/sec  isopleth  at  positions  about  60  and  110  nm  north  of  point  B 
(figure  19)  apparently  delineate  the  northern  and  southern  limits  of 
the  major  LIW  core  in  the  central  Ionian  Basin.  The  domed  structures 
in  the  1516-m/sec  isopleth  (at  about.  170  nm)  and  in  the  151 8- and 
1520-tn/sec  isopleths  (at  about  110  nm)  may  indicate  meanders  of  the 
Maltese  Front  crossing  track  B-A.  The  Maltese  Front  was  observed  during 
I0MEDEX  by  Miller  (1972)  at  about  36°N,  just  south  of  point  A.  However, 
high-salinity  LIW  had  a much  more  pronounced  influence  on  the  DSC  along 
track  B-A  than  did  the  meandering  Maltese  Front. 
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Figure  18.  Sound  Velocity  Profiles  from  Point  B to  Point  A (10-20  Nov) 


»40  160  100  200  2»0  RA*G£  FfiOU 

_J 4 J_ , i , 1 1 POINT  8 ( N M j 


UNCLASSIFIED 


29 


UNCLASSIFIED 


Sound  Velocity  Cross  Section  from  Point  B to  Point  A fl0-20  Nov) 
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(U)  Critical  depth  generally  decreased  northward  from  greater 
than  1400  m at  point  B to  about  1000  m at  point  A and  significantly 
varied  at  ranges  between  about  100  and  130  nm.  At  these  ranges,  critical 
depth  rapidly  increased  about  400  m and  then  decreased  about  500  m. 

This  anomalous  situation  probably  was  caused  by  meanders  of  Maltese 
.Front.  In  this  region,  the  Maltese  Front  separates  cooler,  less  saline 
water  of  the  northern  and  central  Ionian  Sea  (shallow  critical  depths) 
from  warmer,  more  saline  waters  to  the  south  (deep  critical  depths). 

The  front  probably  crossed  track  B-A  at  about  34°45'N.  This  position 
corresponds  well  with  the  position  where  the  Ma’tese  Front  was  observed 
to  breakup  during  May  1971  (see  figure  7). 

(C)  At  point  B,  relatively  deep  critical  depths  and  the 
relatively  shallow  bathymetry  of  the  continental  slope  off  Libya 
reduced  depth  excess  to  less  than  600  m.  This  is  the  minimum  depth 
excess  observed  at  any  I0MEDEX  reference  point.  Depth  excess  was  even 
less  (about  400  m)  where  track  B-A  crosses  the  Malta  Ridge.  A depth 
excess  of  400  m is  considered  marginal  for  reliable  convergence  zone 
propagation  from  a near-surface  source.  However,  the  1960-m  depth  of 
the  Malta  Ridge  shown  in  figures  18  and  19  probably  represents  its 
shallowest  extent.  East  and  west  of  the  point  where  track  B-A  crosses 
the  ridge  the  bottom  is  several  hundred  meters  deeper.  Since  there 
are  no  other  significant  topographic  intrusions  into  the  DSC,  reliable 
convergence  zone  propagation  should  have  been  possible  along  most  of 
track  B-A  during  I0MEDEX. 

CURRENT  MEASUREMENTS 

(U)  During  IQMEDEX,  NAV0CEAN0  implanted  and  recovered  two  taut-line, 
self-contained  current  measuring  arrays.  Array  1 was  implanted  near 
point  A (36°16'N,  1?019'E)  in  3350  m (11,000  ft)  of  water  from  6 to 
26  November.  Array  2 was  implanted  near  point  C (38°39'N,  18°16'E)  in 
2700  m (8860  ft)  of  water  from  8 to  25  November.  Configurations  of  the 
vertical  current  meter  arrays  are  shown  in  figures  20  and  21.  A data 
summary  for  each  of  the  Richardson-type  current  meters  (Geodyne  Model 
A-lOl-1)  is  given  in  table  2. 

(U)  After  recovery,  current  meter  film  was  developed  for  high 
density  contrast  and  reduced  to  a computer  compatible  format.  Data 
from  each  meter  were  processed  to  produce  a listing  of  hourly  current 
speed  averages  (in  5 cm/sec  intervals)  versus  direction  referenced  to 
magnetic  north  in  (15  degree  intervals).  Current  data  are  presented 
in  appendix  8.  These  tabulations  represent  only  that  part  of  each 
current  meter  data  record  which  was  computer  processed,  not  the  total 
available  record  (as  shown  in  table  2). 
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Figure  21.  Current  Meter  Array  2,  Point  C - 38°39'N,  18,16'E 
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Table  2.  Sugary  of  IOMEDEX  Current  Meter  Data 
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(U)  Near  point  A,  the  current  is  predominantly  north-northeasterly 
with  an  average  speed  of  6.9  cm/sec  (0.13  kn)  at  a depth  of  305  m,  and 
5 cm/sec  (0.10  kn)  at  914  m.  The  current  at  2804  m is  easterly  with  a 
maximum  speed  of  5 cm/sec  (0.10  kn). 

(U)  Near  point  C,  the  current  at  a depth  of  152  m is  east- 
northeasterly  with  an  average  speed  of  30  cm/sec  (0.58  kn).  At  a 
depth  of  762  m,  the  current  is  easterly  with  an  average  speed  of 
6.8  cm/sec  (0.14  kn).  At  a depth  of  2286  m,  the  current  is  also 
easterly  with  a maximum  speed  of  5 cm/sec  (0.10  kn). 

SEA,  S^ELL,  AND  WEATHER  OBSERVATIONS 

(U)  Figure  22  summarizes  wind  force,  wind  direction,  sea  state, 
and  swell  height  observations  made  during  I0MEDEX  by  SANDS,  NORTH  SEAL, 
and  KN0RR.  This  figure  does  not  provide  exact  conditions  at  any  given 
location  in  the  Ionian  Sea,  since  many  of  the  individual  data  points 
are  based  on  an  average  of  three  observations  made  by  different  ships 
at  disparate  locations.  However,  this  figure  accurately  depicts  pre- 
dominant conditions  in  the  I0MEDEX  area  on  the  dates  indicated.  In 
general,  the  severity  of  storms  passing  through  the  Ionian  Sea  increased 
during  the  course  of  IOMEDEX.  Wind  speeds  were  high  on  9,  13,  21,  and 
22  November  and  low  on  4,  11,  and  16  November.  High  wind  speeds 
observed  after  19  November  mark  the  passage  of  the  large  depression 
that  had  significant  effects  on  near-surface  oceanographic  conditions. 

In  enclosed  basins  like  the  Ionian  Sea,  sea  state  and  swell  height 
closely  follow  local  wind  conditions.  Therefore,  most  rough  weather 
during  IOMEDEX  persisted  only  as  long  as  the  storm  that  caused  it. 

(U)  Between  1 and  4 November,  a high-pressure  center  with  several 
cells  over  western  Europe  dominated  the  wind  field  and  caused  weak 
northerly  flows  over  the  Ionian  Sea.  By  1200Z  on  5 November,  a well- 
developed  frontal  system  had  approached  the  European  coast.  The  high- 
pressure  center  then  shifted  southward  to  North  Africa,  and  the  Ionian 
Sea  gradually  came  under  the  influence  of  the  warm  sector  of  the 
advancing  frontal  system.  This  system  gradually  became  diffuse  as 
the  front  became  stationary  over  Italy. 

(U)  By  9 November,  a well -developed  low  was  approaching,  and  again 
the  exercise  area  was  under  the  influence  of  a warm  sector.  By 
10  November,  a well -developed  low-pressure  center  over  the  western 
Mediterranean  Sea  dominated  the  weather  in  the  Ionian  Sea.  Cold 
frontal  passage  over  Sicily  occurred  at  about  0600Z,  11  November. 

However,  the  flow  was  still  northward  over  much  of  the  exercise  area. 

By  14  November,  the  low-pressure  center  shifted  over  the  Ionian  Sea, 
causing  a somewhat  diffuse  weather  situation.  At  this  time,  the  dominant 
weather  feature  was  a high  over  the  eastern  Atlantic  with  an  intense  low 
over  tne  Baltic  Sea. 
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igire  22.  Wind  Force,  Wind  Direction,  Sea  State,  and  Swell  Height  Summary 
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(U)  By  19  November,  the  exercise  area  was  again  influenced  by  a 
warm  sector  when  a cold  front  passed  over  Sicily  at  about  0600Z, 

20  November.  The  westerly  winds  associated  with  the  cold  front 
persisted  through  20  and  21  November,  and  caused  waves  reaching  sea 
state  5 (8-13  ft)  associated  with  Beaufort  7 winds  (28-33  kn).  Cn 
22  November,  westerly  winds  still  dominated  the  exercise  area.  These 
winds  were  associated  with  the  warm  sector  of  an  occluded  front 
centered  over  Denmark.  Wave  heights  to  20  ft  were  observed  associated 
with  these  westerly  winds,  and  winds  of  up  to  Beaufort  8 (34-40  kn) 
were  reported.  By  0000Z  on  23  November,  a wel 1 -developed  cold  front 
had  passed  over  Sicily.  Well-defined  westerly  winds  persisted  until 
1200Z,  23  November.  A stationary  front  moved  over  the  area  on 
24  November,  and  on  25  November  the  area  again  was  influenced  by  the 
warm  sector  of  an  approaching  cyclone. 

SUMMARY 

(U)  During  November  1971,  19  SVPs,  404  XBTs,  and  153  AXBTs  were 
collected  in  the  Ionian  Sea  as  part  of  I0MEDEX.  Most  of  these 
observations  were  deeper  than  the  DSC  axis.  Temperature  traces  from 
selected  XBTs  were  converted  into  sound  velocity  profiles  using  the 
equation  of  Wilson  (1960)  and  salinity  profiles  collected  in  the  Ionian 
Sea  during  autumn  1970.  Continuous  bathymetric  tracks  were  collected 
by  six  ships  during  I0MEDEX.  In  addition,  NAV0CEAN0  implanted  and  re- 
covered two  current  arrays  at  primary  I0MEDEX  reference  points  in  the 
northern  and  central  Ionian  Sea.  Wind  force  and  direction,  sea  state, 
and  swell  height  were  observed  throughout  the  exercise. 

(C)  Although  large  quantities  of  temperature  and  sound  velocity 
data  were  collected  during  I0MEDEX,  the  majority  of  these  data  were 
collected  synoptically  with  a series  of  scheduled  acoustic  measurements . 
Consequently,  the  I0ME0EX  envi ronniental  data  base  is  inadequate  to 
resolve  short-term  temporal  and  spatial  variability  in  near-surface 
thermal  or  vertical  sound  velocity  structures.  However,  data  were 
adequate  to  construct  sea  surface  temperature  contour  charts  for 
periods  before  and  after  the  passage  of  a large  storm  on  19-23  November. 
Comparison  of  these  charts  indicates  a decrease  in  sea  surface 
temperature  after  the  storm,  leading  to  a significant  decrease  in 
critical  depth.  The  resulting  increase  in  depth  excess  leads  to  ;n 
creasingly  reliable  convergence  zone  propagation  over  the  course  of 
I0MEDEX.  Contour  charts  of  mixed  layer  depth  before  and  after  the- 
storm  indicate  that  surface  duct  propagation  is  possible  in  most 
regions  of  the  exercise  area.  However,  short-term  near-surface 
variability  occasionally  modified  sound  velocity  gradients  in  the 
mixed  layer  and  restricted  surface  duct  echo  ranging. 
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(C)  Oceanographic  data  also  were  adequate  to  define  temporal  changes 
in  basic  sound  velocity  structure  at  three  primary  IOMEDEX  reference 
points  in  the  northern,  central,  and  southern  Ionian  Sea.  The  depth  of 
the  DSC  axis  averaged  about  150  m at  the  reference  points  during  the 
exercise.  Multiple  sound  channels  occurred  at  each  point,  but  were 
best  developed  in  the  central  Ionian  Basin  due  to  a preferential  flow 
of  high-salinity  Levantine  Intermediate  Water  (LIW).  At  all  three 
points,  critical  depth  decreased  persistently  during  the  exercise 
owing  to  autumn  cooling  of  the  near-surface  layers.  Depth  excess  at 
all  three  reference  points  was  more  than  adequate  for  convergence  zone 
propagation  from  a near-surface  source  throughout  IOMEDEX. 

(U)  On  the  basis  of  IOMEDEX  data,  two  sound  velocity  cross  sections 
were  constructed  from  36°18'N,  17°15'E  (point  A)  into  the  northern  and 
southern  Ionian  Sea.  On  the  northern  section,  the  DSC  axis  varied 
between  90  and  200  m,  and  the  sound  velocity  at  the  DSC  axis  varied 
between  1512.0  and  1516.1  m/sec.  Maximum  values  of  both  parameters 
were  associated  with  a flow  of  LIW  extending  from  the  Peloponnesian 
coast  into  the  Ionian  Sea.  On  the  southern  section,  the  DSC  axis 
varied  between  90  and  300  m,  and  sound  velocity  at  the  DSC  axis  varied 
from  1511.3  to  1517.5  m/sec.  Maximum  values  of  both  parameters 
roughly  corresponded  to  the  major  LIW  flow  in  the  Ionian  Sea  (Wust, 

1961).  Secondary  sound  channels  above  and  below  the  DSC  axis 
occurred  frequently  along  both  tracks.  Generally,  the  former  were 
caused  by  temperature  perturbations  at  the  base  of  the  seasonal  thermo- 
cline,  and  the  latter  were  caused  by  mixing  in  the  high-salinity  LIW 
layer.  Sound  velocity  minima  below  the  DSC  axis  generally  were 
separated  from  the  axis  by  a sound  velocity  maximum  that  coincided 
with  the  LIW  core.  However,  along  the  southern  track,  the  DSC  axis 
frequently  lay  below  the  LIW  core,  particularly  between  34°  and  35°N. 

(C)  Along  both  tracks,  critical  depth  generally  decreased  northward 
from  greater  than  1400  m at  the  edge  of  the  Libyan  continental  shelf  to 
about  900  m in  the  northern  Ionian  Sea.  Depth  excess  along  both  tracks 
was  adequate  to  ensure  convergence  zone  propagation  from  a near-surface 
source  throughout  the  exercise.  However,  depth  excess  over  the  Malta 
Ridge  (southern  track)  was  only  about  400  m,  the  minimum  required  for 
reliable  convergence  zone  propagation.  Significant  variations  in  the 
general  northward  decrease  in  critical  depth  occurred  between  about 
34°30'N  and  35°00'N  (southern  track)  and  between  36°30‘N  and  37°30'N 
(northern  track).  In  both  regions,  critical  depth  increased  and  then 
decreased  rapidly  to  the  north.  These  two  anomalies  probably  were 
caused  by  meanders  of  the  Maltese  Front  that  separates  cooler,  less 
saline  waters  of  the  western  Mediterranean  Sea  from  wanner,  more  saline 
waters  of  the  Ionian  Sea  (Johannessen,  et  al . , 1971).  Although  the 
Maltese  Front  was  detected  during  IOMEDEX  (Miller,  1972),  sea  surface 
temperature  data  were  inadequate  to  map  the  areal  extent  of  the  front. 
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(U)  At  depths  less  than  1000  m,  data  collected  during  I0MEDEX 
show  predominant  north-northeasterly  currents  at  36°16'N,  17°19’E 
(near  point  A)  and  flows  to  the  east-northeast  and  east  at  38°39'N, 
18°16'E  (near  point  C)  At  depths  below  2000  m,  the  current  was 
predominantely  westerly  near  point  A and  easterly  near  point  C. 

(U)  Wind  force,  wind  direction,  sea  state,  and  swell  height  data 
accurately  reflect  meteorological  conditions  in  the  Ionian  Sea  during 
I0MEDEX.  Particularly  noticeable  are  the  effects  of  a large  storm 
that  passed  over  the  central  Ionian  Sea  between  19  and  23  November. 

This  depression  resulted  in  Beaufort  force  8 winds  (34-40  kn)  and  15- 
to  20-foot  seas.  The  cooler  sea  surface  temperatures  and  significant 
mixing  of  the  near-surface  layer  caused  by  this  storm  significantly 
decreased  critical  depth  and  comparably  increased  depth  excess 
throughout  the  I0MEDEX  area. 

(C)  Oceanographic  conditions  during  I0MEDEX  generally  were  similar 
to  those  predicted  for  autumn  on  the  basis  of  limited  pre-exercise 
data.  Since  critical  depth  decreased  throughout  the  exercise,  depth 
excess  was  adequate  for  convergence  zone  propagation  throughout  I0MEDEX. 
Neither  the  relatively  shallow  Malta  Ridge  nor  the  suspected  presence 
of  the  Maltese  Front  resulted  in  any  apparent  impediment  to  convergence 
zone  propagation.  Depth  and  sound  velocity  of  the  DSC  axis  agreed  well 
with  historical  data  as  shown  by  Brockhurst  (1960)  and  Fenner  (1968). 
High-salinity  LIW  appears  to  be  the  primary  oceanographic  influence  on 
DSC  structure  in  the  Ionian  Sea.  This  water  mass  also  exerts  a strong 
control  on  secondary  sound  channels  below  the  DSC  axis. 
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AXBT  - airborne  expendable  bathythermograph,  an  instrument  that  measures 
temperature  as  a function  of  depth  to  a maximum  of  330  m 

convergence  zone  - region  where  sound  rays  arrive  at  the  surface  in 
successive  intervals;  a mode  of  underwater  sound 
propagation 

critical  depth  - depth  at  which  the  maximum  sound  velocity  at  the 

surface  or  in  the  near-surface  layer  recurs;  bottom 
of  the  DSC 

depth  excess  - depth  interval  between  critical  depth  and  the  sea  floor 
(necessary  for  convergence  zone  formation) 

DSC  - deep  sound  channel;  absolute  sound  velocity  minimum 

IMP  - Integrated  Mediterranean  Plan,  a series  of  acoustic-oceanographic 
exercises  in  the  Mediterranean  Sea,  1970 


I0MEDEX  - Ionian  Mediterranean  Exercise 


LIW  - Levantine  Intermediate  Water  (high  salinity) 

mixed  layer  depth  - depth  of  the  bottom  of  the  layer  mixed  through  wave 

action  or  by  thermohaline  convection;  the  depth  of 
the  top  of  the  thermocline  (mixed  layer  depth  does 
not  always  coincide  with  sonic  layer  depth) 

surface  duct  - zone  immediately  below  the  sea  surface  where  sound  rays 
are  alternately  refracted  towards  the  surface  and  re- 
flected by  the  surface;  a mode  of  underwater  sound 
propagation 

SVP  - sound  velocimeter  profile;  sound  velocity  plotted  versus  depth 


thermocline  - a vertical  negative  temperature  gradient  that  is  appreciably 
stronger  than  gradients  above  and  below  it  (generally  occurs 
just  below  the  near-surface  layer) 

T-S  - temperature-salinity 


XBT  - shipborne  expendable  bathythermograph;  an  instrument  that  measures 

temperature  as  a function  of  depth  to  either  460  m (Sippican  Model  T-4 
probe),  760  m (T-7  probe),  or  1830  m (T-5  probe) 
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Figure  B-l.  Hourly  Averages,  Array  1,  305  m Depth 
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Figure  8-2.  Hourly  Averages,  Array 
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Figure  8-3.  Hourly  Averages,  Array  1,  2&04  m Depth 
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Figure  B-4.  Hourly  Averages,  Array  2,  152  ra  Depth 
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Figure  B-5.  Hourly  Averages,  Array  2,  762  m Depth 
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Figure  B-6.  Hourly  Averages,  Array  2,  2286  m Depth 
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